viously described vector pSPCAT In pSPCAT, CAT is transcribed from an enhancerless SV40 promoter (13) .
(rc3)2CAT. fragment from the murine x enhancer that contains the NFKB binding site (x3 fragment [10] ) was cloned 5' of the SV40 promoter of SPCAT as previously described (13) .
(TCRMX)4CAT: the 60-bp Msp I-Xba I fragment from the major intron of the murine TCRS2 gene (see map Fig. 1 A) was cloned into the Sma I site of SPCAT 5' of the SV40 promoter.
(SB)2CAT. two complementary oligonucleotides containing the TCRO-B site (GATC-CAAGCAGGGAGATTCCAAGAG and GATCCTCTTGGAATCTCCCTGCTTG) were cloned into the Barn HI site of plasmid pTZ18U. The insert was isolated with Hind II and Sma I, then cloned into the Sma I site of pSPCAT.
DNA Binding Assays. In vitro binding reactions were performed as described previously (10) , except that electrophoresis was in Tris-borate buffer (0 .045 MTris-borate, 0.045 M boric acid, 0.001 M EDTA). Typically, each binding reaction contained 8-10,ug protein, 2 .5 pg poly d(I-C), and 10,000 cpm of probe (ti0.5 ng of DNA) . For competition assays, radioactive and nonradioactive DNA fragments were added to the binding reaction first and the nuclear extracts (14) last .
Transient Transfections and CATAssays. Transient transfections were performed by the DEAEdextran technique as previously described (13) using 5 kg of each plasmid for 10 7 cells.
CAT assays were performed by the procedure of Gorman et al . (15) using 100 pg ofJurkat or 25 p,g of S194 extracts for 4 h. Results were quantitated by liquid scintillation counting.
Results
To identify binding sites for putative regulatory proteins in the proximity of the previously identified TCR DNAase 1 hypersensitive sites, 60-120 by fragments of a 900-bp portion of the intron (Cla I-Eco RI ; Fig. 1 A) were systematically analyzed by the electrophoretic mobility shift assay (10) . One of the fragments bound a protein (the slower migrating bands in Fig. 1 B) that was present in extracts derived from a B cell line (MPCII, lane 4), a pre-B cell line stimulated with bacterial LPS (70Z/LPS, lane 3), and a nonlymphoid cell line treated with phorbol ester (HeLa/I, lane 9) but not in extracts derived from unstimulated pre-B cell lines (lanes 1 and 2), unstimulated T cells (lanes 5-7), and unstimulated nonlymphoid cells (lane 8) . This distribution was reminiscent of a previously identified nuclear factor, NF KB, (C) Electrophoretic mobility shift analysis using a radiolabeled KB probe isolated as a Eco RI-Hind III fragment from a plasmid containing the KB oligonucleotide (CAGAGGGGACT TTCCGAGA) cloned into the Bam HI site in the polylinker of pUC13. Extracts used are the same as in Fig. 1 B . (D) In vitro competition assays. Binding and competition assays were carried out using a radioactive TRCO-B probe isolated as a Eco RI-Hind III fragment from PTZ18U containing a synthetic oligonucleotide (see Materials and Methods for sequence) cloned into the Bam HI site. (Lane 1) UninducedJurkat cell extracts ; (lanes 2-5) extracts from Jurkat cells treated with PHA 2 #g/ml and phorbol ester (PdBu; 50 ng/ml). Competitor fragments are indicated above each lane. which binds a 10-base sequence (KB) in the Ig K light chain gene enhancer (16) . In vitro binding experiments with a KB DNA probe confirmed that the pattern of nucleoprotein complex formation on the KB probe was indistinguishable (Fig. 1 C) from that on the fragment derived from the TCR locus. Note that the MPC11 extracts result in a faster mobility nucleoprotein complex probably as a result of partial proteolysis often seen with plasma cell nuclear extracts (17) . Characterization of this complex by competitions showed it had the same sequence specificity as NF KB . Sequence analysis of the 60-bp TCR fragment revealed an element, GGGAGATTCC (TCR/3-B), that was homologous to the KB element (GGGACTTTCC) at 8 of 10 base pairs. Further evidence for the presence of an NF«B binding site in the TCR intron was provided by in vitro competition experiments. NF-KB binding to the KB site was competed away by the K enhancer derived fragment or the Cla I-Xba I TCR fragment, but not by the Xba I-Bam HI TCR fragment or an Ig it heavy chain gene enhancer fragment (data not shown) . To conclusively establish that the KB homologous sequence in the TCR intron bound induced NF-KB in T cells, an oligonucleotide containing this element was used in binding assays (Fig . 1 D) . Significant binding activity was only detected in extracts made from Jurkat cells induced with PHA and phorbol ester (PdBu) (Fig. 1 D, lane 2 ; lane 1 is a binding in an equivalent amount of uninduced Jurkat cell extracts). This nucleoprotein complex could be competed either by an oligonucleotide carrying the KB sequence (Fig. 1 D, lane 3) or the homologous TCRO-B sequence (Fig . 1 D, lane 4) , but not an irrelevant sequence derived from the polylinker of the plasmid pTZ18U (Fig. 1 D, lane 5) . We conclude that an NFuB binding site (TORO-B) is present in the J02-CO2 intron, within the domain defined as being hypersensitive to DNAase 1 in murine T cells.
Although the NF «B binding site in the « enhancer acts in concert with other protein binding sites, it has been shown that multimers of this sequence are sufficient to activate transcription in a B cell-specific manner (13, 18) . To investigate whether the newly identified TCR site (TORO-B) could also act as a transcriptional activator, a tetramer of the Msp I to Xba I fragment (TCR MX, see Fig. 1 A) was cloned into the vector pSPCAT, in which expression of the bacterial chloramphenicol acetyl transferase (CAT) gene is dependent upon the presence of additional enhancer-like elements, to generate the plasmid p(TCRMX)4CAT These plasmids were transfected into B and T lymphoid cells. Surprisingly, in S194 cells that have been previously shown to activate NF-KB-dependent transcription, p(TCRMX)4CAT showed no activity above the enhancerless control pSPCAT In contrast, a plasmid, p(K3)2CAT, containing a dimer of rc3, a 70-bp K enhancer fragment containing the KB site, showed high activity (Table I, 5194 column). Thus, a tetramer of the TCR fragment was not able to activate transcription in a B cell line even though this fragment apparently bound NF-KB in vitro.
To check for transcriptional activity in T cells, we transfected the TCRderived plasmid into Jurkat cells. Both the vector and the test plasmid were inactive in unstimulated Jurkat cells. However, induction of transfected cells with PHA and phorbol dibutyrate (PdBu) led to an approximately eightfold higher activity of p(TCR MX)4CAT, while that of pSPCAT remained unchanged (Table I , Jurkat PHA/PdBu column). The TCR fragment therefore acts like an inducible regulatory element in this T cell line .
A KB-like sequence motifin the IL-2 receptor a chain (IL-Ma) gene is necessary for the induction ofthis gene by the tax protein of the type-1 human T cell leukemia virus (HTLV-1) (19) (20) (21) (22) . To determine whether the TCRMX sequence was responsive to tax, expression of the (TCRMX)4CAT plasmid was analyzed after co-transfection with a plasmid expressing HTLV 1 tax. Whereas expression of the parent plasmid pSPCAT was not stimulated by tax, the (TCR MX)4CAT plasmid was strongly induced (Table I , Jurkat tax column). These results showed that although (TCRMX)4CAT was inactive in B cells, it could be induced by tax in Jurkat cells. To demonstrate that the observed inducible transcriptional activity was dependent upon the TCRO-B motif, an oligonucleotide carrying only this sequence was cloned upstream of the SV40 early promoter in pSPCAT (see Materials and Methods for sequence). A plasmid carrying a dimer of the oligonucleotide, p(OB)2CAT, was then transfected into Jurkat cells in the presence or absence of tax. In the absence of stimulation, background levels of CAT enzyme were expressed, whereas upon co-transfection with the tax-expressing plasmid, approximately fourfold induction of p(OB)2CAT was observed (Table I , Jurkat tax column). This result strongly suggests that the TCRS-B element is a component mediating the inducible activity of the TCRMX fragment .
We have identified and functionally characterized a sequence element in the TCR J02-C#2 intron that is homologous to the KB element of the Ig tc light chain gene enhancer. The «B element binds a B cell-specific factor, NFKB, and monomers or multimers of this sequence function either as a constitutive B cell-specific regulatory sequence or an inducible sequence in T cells and nonlymphoid cells (13, 18) . The TCR -B sequence, GGGAGATTCC, has an 8 of 10 base pair match to the u enhancer sequence GGGACTTTCC . Multimerization (4 mer) of a 60-bp fragment containing TCR,-B from the TCR/3 locus generates a regulatory sequence that is inducible inJurkat cells by the HTLV1 tax gene product or by T cell mitogens (PHA and PdBu). Interestingly, this DNA fragment is part of a region of the J,62-C02 intron that has been shown to be hypersensitive to DNasel in T cell chromatin, a feature that often correlates with important transcription regulatory sequences (23) . Our results provide the first direct evidence that sequences important for transcriptional regulation of the TCR genes may be present in the Jag-CO2 intron.
Surprisingly, the tetramerized TCR Msp I-Xba I fragment is a very inefficient (24) (25) (26) . Because transcripts from a partially rearranged (DJs) allele are also increased, it has been postulated that the critical regulatory sequence is not associated with the classical promoter region (24) . Although an enhancer element has been identified 3' to the CS exons, its role in inducibility of TCR gene expression has not been addressed . Our identification of a phorbol ester and mitogen or HTLV1 tax-inducible element in the J02-CO2 intron provides a possible explanation for these observations and suggests that under certain conditions of cellular activation TCRS gene transcription may be induced via these sequence elements.
Summary
We have identified a sequence in the TCR a2 locus that is homologous to the «B site in the Ig K light chain enhancer. This element, TCR#-B, is located in the vicinity of previously identified T cell-specific DNase1 hypersensitive sites. Transfection analysis shows that a 60-bp fragment encompassing this site is preferentially active in T cells stimulated with phorbol esters or the HTLV1 tax gene product compared with a B cell line that constitutively expresses NFKB. Our results provide the first evidence for transcriptional regulatory sequences residing within the J02 -C02 intron and suggest the possible involvement ofthese sequences in modulation ofTCRS gene expression upon cellular activation .
